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LOW-SPEED.TESTS OF A MODEL SIMLTLATmG THE PRENOFlENON 

OF CONTROL-SURFACE BUZZ 

By William K. P h i l l i p s  and James J. Adam 

SUMMARY 

Low-speed tes ts  have been made of an a i r f o i l  model with a f r e e l y  
hinged f lap   a t tached   to   spoi le rs  which passed  through  slots  in  the  air-  
f o i l  ahead of the  hinge  line. The spoi le rs  were intended  to  simulate 
the  act ion of shock waves i n  producing flow seFaration. When the  model 
was f i t t ed   w i th   spo i l e r s  which  had an in i t i a l   F ro jec t ion  of 1.7 percent 
chord at zero  f lap  deflection, a continuous  oscil lation of t h e   f l a p  of 
zbout = 4' amplitude  occurred  under  certain  conditions.  This  oscillation 
wzs similar in   nature   to   control-surface buzz.  Results of tests with 
other   spoi ler  m-rmgements are also presented. 

The tes t s   ind ica te   tha t  buzz is  not  caused simply by buffet ing of  a 
f l a p  by separhted  flow.  Instead, it i s  an osci l la t ion  involving 
coupling between the   f lap  motion and the  shock-wave-separstion  pattern. 
The occurrence of  an osc i l l a t ion  similar t o  buzz with no associated con- 
press ibf l i ty   e f fec ts   ind ica tes  that flow  separation may be an  important 
factor   in   the  condi t ions which  produce  control-surface buzz a t  transonic 
speeds. 

INTRODUCTION 

Previous  experimental  studies  of  control-surface buzz at transonic 
speeds  have shown tha t   t hese   o sc i l l a t ions  m y  cccur when only one degree 
of freedom, t h a t  of control-surface  rotation  atout  the  hinge  line, i s  
involved. The tendency for an   o sc i l l a t ion   t o   cccu r  may be a t t r i bu ted  t o  
lag i n   t he  development of hinge moments  when the  control   surface i s  
osc i l l a t ing .  (See r e fe reme  1.1 This lag has  been  ascribed, by previous 
inves t iga tors ,   to   the   e f fec ts  of  flow  separaticn  caused by shock wsves 
at transonic  speeds and t o   t h e  time required f c r  pressure  impulses t o  be 
transmitted  upstream from the   f lap   aga ins t   the  air stream moving at 
near-sonic  velocity. The time required  for  the  transmission  of  these 
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pressure impulses has been  used as the basis  for  determining  the time 
lag i n  some empirical   theories of control-surface buzz. 

An exemple  of unstable  single-degree-of-freedom  oscillations 
involving  flow  separation and occurring at low speeds has been c i ted  by 
Goethert i n  reference 2. In th i s   case ,  an a i r f o i l   w i t h  a sharp leading 
edge was found t o  be s t a t i c a l l y  stable in pitch.8bout an axis of 25 t o  
30 percent of the chord. When t E F s  airfoil Vas free to ro ta te ,   osc i l -  
lations  occurred. Ln an osc i l l a t ion  of t h i s  hind, the lag i n  develop- 
ment of  aerodynamic  hinge moments i s  a t t r i bu ted  t o  flow  separation, 
inasmuch as the  transmission  of  pressure Fmpulses a t  the low speeds 
involved i s  practically  instantaneous.  

The osc i l la t ions  of t h e   a i r f o i l s  at l o w  airspeed  involving  flow 
separation were used i n  reference-2 to indicate  the  possible importance 
of flow  separation i n  the  phenomenon of a i le ron  buzz kt  transonic  speeds. 
A more d i r ec t  Snd-Lcation of t he   e f f ec t s  of flow separation would be 
obtained, however, i f  the  osci l la t5ng system more  c losely resembled a 
control  surface. A brief discussion of t ransonic  buzz is  now presented 
t o  s h o w  how t h i s  phenomenon might be simulated a t  I p w  airspeed. 

The flow  over an a i r f o i l  at M&ch numbers s l i g h t l y  above the c r i t i -  
c a l  Mach  number is characterized by supersonic  regions on the upper and 
lower  surfaces. These supersonic  regions  are  terminated by  shock waves. 
Shadowgraph pictures  of these shock waves and t he i r   ac t ion  during 
ai leron buzz are  given  in  reference 3 .  In t , h e - & w p l e s   s h o w  in r e fe r -  
ence 3, the  shock waves were l o c a t e d   a t  about 60 t o  70 percent of the  
chord i n  the "ach number range where a i le ron  buzz occurred. The shock 
waves cause  separat-ion of  the boundary layer .  Osc i l lAt ion  of  the 
aileron  during buzz  causes a  chordwise osc i l l a t ion  of the shock waves 
and,  presumably,  a  corresponding var ia t ion-   in - i l i t ens i ty  of the shock 
w a v e s .  Thus, a downward def lect ion of the   f lap  creates a larger  super- 
sonic  region on the  upper surface and a more intense shock wave. This 
more intense shock wave would be expected to increase the f .Jow separa- 
t ion  occurring on the upper surface,  while a corresponding  .decregse i n  . 

separatfon would occur on t h e  lower  surface. The changes in separation 
i n  conjunction with the f l ap  motion a re   be l ieved   to  be responsible f o r  
the  occurrence  of  buzz. 

It w a s  thought t h a t  a simulation of the ef fec ts -of   these  shock 
waves st low airspeed could be obtained by the  use of  spoi lers .  Chord- 
wise  motion  of the  spoi lers  to sirnulate  the shock-wave motion d id  not 
appear t o  be feasible,   but changes In spoiler  project.ion  to.  simuhte 
changes in shock intensity  could be readily  obtained, This spoi ler  
motion was produced by a t tach ing   spoi le rs   to  a f l a p  so that, f o r  
example, downward def lect ion-of  the f lap   resu l ted  i.zjl an upward projec- 
t i on  of the  spoi ler ;   th is   spoi ler   project ion sirmtlated a shock wave of 
increased  intensi ty  on the  upper  surface. 

* .  

. .  
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APPARATUS AND TESTS 

J 
7 

A drawing of the  model used i s  given in   f i gu re  I, and a photograph 
of the model i s  given as f igure  2. The model,  whick was constructed of 
mahogany, had an NACA 65-009 a t r fo i l   s ec t ion ,  a span  of 9 inches, and a 
chord of 6 inches.   This   a i r foi l  was mounted as a semispan model simu- 
l a t i n g  a wing of a spec t   r a t io  3. The full-span  radius-nose  flap was . 
hinged a t  the 75-percent-chord  line. Arms a t tached   to  the f l ap   ca r r i ed  
the   spoi le rs  which moved in to   the  air stream when the   f l ap  was deflected; 
these m s  a lso   car r ied   l ead  weights which  were used f o r  mass balancing 
the   f lap .  The  moment of i n e r t i a  of the   f lap,   spoi lers ,  and lead  weights 
was approximately 6.0 x I O m 6  slug-feet  squared. The spoi le rs  were 
loca ted   a t  66 percent  chord  and were made as t h i n  as pract icable  with 
sharpened  edges in order   to   reduce  to  a minimum hinge moments on the 
spoilers  themselves. The spoilers  passed  through  slots  in the a i r f o i l  
with small c l e a r e e  and were r ig id ly   a t tached   to   the   f lap .  The stops 
on the  spoi lers  limited the   f l ap   de f l ec t ions   t o  ~14'. The hinges con- 
s i s t ed  of t h i n   s t r i p s  of spr ing   s tee l  which crossed a t   t h e  hinge l i ne ;  
th i s   type  of   hinge  held  the  f lap  r igid  in   t ranslat ion  while  the f l e x i -  
b i l i t y  of the  springs  allowed  rotation w i t h  a negligible amount of 
f r i c t i o n .  

The res tor ing  and fr ic t ion  forces   provided by the flap  hinges are 
i l l u s t r a t e d   i n   f i g u r e  3 by a record  taken of the  motion of t h e   f l a p   a t  
zero  airspeed. The restoring  force  provlded by the flap hinges, which 
was measured t o  be 0.01-5 foot-pound per radian, was small in comparison 
with the aerodynamic hinge moments ac t ing   i n  flight as can be seen by 
comparing the  period of t he   o sc i l l a t ion  of figure 3 with those from the  
flight records. The f r i c t i o n  was very small as shown by the small 
damping of the osc i l la t ions .  

Three different  combinations of spoi le rs  and model were used. The 
first t e s t s  were run with 0.4-inch-wide spoi le rs  w h i c h  were f lush  with 
the  surface of t h e   a i r f o i l  when in the neutral   posi t ion.  For the 
second t e s t s ,   t he   spo i l e r s  were enlarged  to  0.6-inch width so that they 
extended  into  the  air  stream 1.7 percent  chord when in   t he   neu t r a l  
posit ion.  A p lo t  of spoi ler   project ion  against   f lap  def lect ion  for  
these two configurations i s  given in figure 4. The f i n a l  test was made 
with t h e s e   l u g e   s p o i l e r s  removed from the f l a p  arms and f ixed t o  the 
a i r f o i l  so that they would not  o s c i l l a t e  with the  flap,   but would remain 
in the neutral   posit ion.  Whenever the spoi le rs  were changed, weights 
were added or  subtracted as necessary  to  maintain mass balance. 

The model was mounted on a wing-flow panel of an F-5lD airplane.  
This panel is ordinar i ly   used   for   t es t ing   in   the   t ransonic  speed range, 
but   in   this   case it was used  only t o  obtain a turbulence-free air stream 



at r e l a t i v e l y  low speeds. The records were taken  during the take-off 
run and  subsequent"climb  while the true  a i rspeed at the model varied 
from 0 t o  325 feet per .second. These runs took- approximately 50 seconds e 

t o  complete. The cJxmge i n  speed  during the short   portions of the 
records  reproduced in  this paper i s  approximately 12 f e e t  per second. 
The tests were l imi ted   to   the  maximum speed of 325 feet per second 
because it. was estimated that the  .drag  force .on the s p o i l q s  would 
cause them t o  def lec t  and rub agains t   the .   s lo t   th rough  the   a i r fo i l  at 
higher speeds. The Reynolds number of the t e s t s  based on the mean 
aerodynamic  chord varied from 0 t o  1.16 X 10 . 6 

. .  

Flap  defled-ions were measured by photographing a beam of l i g h t  
re f lec ted  fran a s m a l l  mirror mounted on a thin  rod  extending below the 
flap into  the test panel. Airspeed of the test a i r p b e  was measured 
w i t h  standard NACA instruments.  Airspeed at the locat ion of the model - 
w&s determined from the airplane speed and lift coeff ic ient  by means 
of calibrations  previously +de af thetest  panel. The angle crf a t tack  
o f h e  model, which resul ted from s ides l ip  of the F-5UI ai-i-plane and 
sidewash  over $he t es t   pane l ,  was measured w i t h  a wedge-shaped  vane 
mounted 22 inches  outboard of the model and calibrated  to  give the 
angle of flow at the model. . A simple  lever  system driven by an air 
motor was used t o  give the f l a p  aq intermittent  mechanical  disturbance 
during some of t he   f l i gh t s .  

- .. . 

I n i t i a l  tests were made with a spoi le r   f lush  with the  surface of 
t h e   a i r f o i l  when the   f lap  was at zero  deflection. Copies of typ ica l  
records  obtained in this configuration  are  presented i n  f i b e  5 .  
Values of angle of attack a and airsspeed V are given in the  f igure.  
This arrangemenlrmighkbe  considered t o  simulate 811 a i r f o i l  very near 
i t s  critical Mach number, so that, f o r  example, downward def lect ion of 
the flap would cause  the formatian of a shock wave on the upper surface. 
In   the f i r s t  tests, i n  which the flap was not gi%h my me&anical  dis--  
turbance, no osci l la t ions  occurred  a t  any airspeed in the range  tested. 
A typical   record f o r  t h i s  case is shown i n  figure 5(a).  In  order  to 
determine  whether the   osc i l la t ion  might become unstable Lf: it had been 
s t a r t ed  with an i n i t i a l  amplitude, the device  described  prCviously wee. 
i n s t a l l ed  to displace and re lease the flap  p&ciodfcafiy. This device 
deflected the flap about 6O at approximately  0.3-second t o  0.5-becond 
intervals. Typical records from this t e s t  are shown.in figure 5(b). 
The f l ap  osc i l la t ions  were quickly damped throughout  the  speed  range 
tes ted .  

- .  ~. 

- 
" - 

The next   t es t s  were made with a -spoiler  which-projected 1.7 percent 
chord on both  sides of t h e   a i r f o i l   a t  zero flap deflection. This 
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arrangement mL&t be considered to   s imulate  arl a i r f o i l  above i ts  c r i t i -  
ca l  Mach number, so that strong shock waves ar,d separated  flow  exist on 
both  surfaces a t  zero  f lap  deflection.  Deflection of the  flap  caused a 
change i n  the re la t ive   def lec t ion  of the spoi lers  on the  upper and  lower 
sur faces ,   th i s  change corresponding t o  a change i n  the re la t ive   in ten-  
s i t y  of the shock waves on  the two surfaces.  Records  obtained  with  the 
flap  undisturbed are shown i n   f i g u r e  6(a). A t  values of airspeed below 
250 feet per second, the  f lap  osci l la ted  intermit tent ly   with a double 
amplitude  ranging f r o m  Oo t o  3'. A t  a speed of  250 feet  per second, a 
continugus  oscil lation  of the flap  occurred  with a double  amplitude of 
6' o r  8 . This oscil lation  continued as the speed  increased u n t i l  it 
abruptly  stopped at a speed of 325 feet per second. The stopping of 
the  osci l la t ion  near   the maxhum speed i s  thought t o  be caused by rubbing 
of  the  spoiler on the  re- of  the  slot   through the a i r f o i l  as a r e su l t  
of deflection  under  drag  loads. The angle o f  at tack of the model causes 
the   f l ap   t o   o sc i l l a t e   abou t  a posi t ion  other   than the zero-deflection 
posit ion.  

Records  obtained in this configuration  with  the  f lap  periodically 
displaced are shown i n  figure 6(b).  The osc i l l a t ions  at an afrspeed  of 
146 feet per second  decreased  slowly  from  the  amplitude of t h e   i n i t i a l  
disturbance,  indicating  very slight damping. Over a speed range between 
146 and 250 feet  per second, the  damping increased somewhat. Then at a 
speed  of 252 feet  per second, a continuous  oscillation  occurred as 
before  with  double  amplitude  of 6' o r  8'. This oscil lation  again  stop- 
ped tit an airspeed  of 321 feet  per second. The s h i f t  of the  center  
point   of   the   osci l la t ions af ter  each  mechanical disturbance i n  f i g -  
u r e  6(b)  i s  caused  by  slipping of  t he  shaft carrying  the  mirror under 
the  torque  loads Fnrposed by the  disturbing device. The ac tua l   f l ap  
angles are therefore   in   error ,   but   the   ampli tude and frequency  of  the 
osc i l la t ions  are believed t o  be correctly  recorded. 

A f i n a l  test was made w i t h  the  wide spoi ler  detached from the f l a p  
and f ixed rigidly to   the   a i r fo i l   in   o rder   to   de te rmine  whether the 
osc i l la t ions  were caused by coupling between tke   f l ap  and spoi le r  motion 
or  simply by the  act ion on the   f lap  of t h e   t u r h l e n t  wake from the  
spoi ler .  A typical   reeord  for   this   condi t ion is shown in   f i gu re  7.  .4 
s l igh t   i r regular  motion of the f lap  with a double  mplitude of lo x c u r -  
red throughout  the  speed r a g e ,  but no osc i l l a t ions  similar t o  those 
obtained  with  the  spoiler  at tached  to  the  f lap  occurred. A comparison 
of the smooth record  obtained when the  spoi ler  d id  not  extend  into  the 
tiir stream ( f i g .  5(a) )  and the record  obtained  with the large  f ixed 
spoi le r   ( f ig .  7) indicates  that some buffeting Df the  f lap  took  place 
with the   large fixed spoi lers .  
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DISCUSSIOH . .  

The osc i l la t ions   wi th  the wide s p o i l e r a t t a c h e d   t o  the flap  appear 
similar in nature  to  control-swface buzz obtained  at , transonic  speeds.  
The absence of osci l la t ions  in   the  case of the spoi ler  which was f lush  
with the surface of t h e   a i r f o i l  at zero f h p  deflect ion is  In agreement 
with the observation that control-surPace buzz does not app& at  the 
c r i t i c a l  Mach number of an a i r fo i l   bu t   appears  only'when the shock waves 
have become strong enough t o  produce extensive  flow  separation.  (See 
references 2 and 3 . )  

' The absence of osc i l la t ions  when the  large  spoi ler  was fixed to 
t h e   a i r f o i l ,  compared t o  the oscil$ations  obtained when the spoi ler  was 
a t tached   to  the f lap ,   ind ica tes   tha t  buzz i s  not  caused sFmply'by buf- 
f e t ing  of the f l a p  by the  separated flow, Instead, it i s  811 osc i l l a t ion  
involving  coupling between the f l a p  motion and the shock-wave-separation 
pa t te rn  on t h e   a i r f o i l .  This conclusian is Fn-a-B-eement with those of 
previous  investigators  (references 1 and 3 ) ,  though a di rec t  demonstra- 
tion of this  point  has  not been made previously. 

These t e s t s  demonstrate that an osc i l l a t ion  similar t o  buzz may 
OCCUT as a r e s u l t  of f l o w  separation wlth. no assoc.&ted.. compressibility 
e f fec ts .  This result l e d s  support to the beliep,. ' e r e s s e d  in r e fe r -  
ence -2, t ha t   t he  time lag i n   t he  development o f .  hinge moments which i s  
responsible  for buzz r e s u l t s  from the time required by the separated 
boundary layer   to   adapt  itself t o   t h e  changing bound* coliditions. 
a2ditiom.l lag result-  from l a g  i n  the transmisston of pressure 
impulses through  the f l o w  outside  the boundary layer  does riot appear t o  
be necessary t o  produce  buzz and possibly is nO3"Zi jinp6rt'&t factor  i n  
determining  the  occurrence  or  the  char-acteristics of buzz. 

In reference 3, an empirical  theory i s  advanced t o  explain the 
charac te r i s t ics  o f  buzz. In t h i s  the-ory, the time require3 for the 
transmission of pressure impulses .is U6ed as a bas$s .for c d c u l a t i n g  
the lag  in   t he  development of hinge moments. In reference 1, the   l ag  
is determined  empirically,  but  the time f d r  the  tran&Ission of pressure 
impulses i s  suggested  as a component of this lag.  Though the present 
t e s t s  do not  disprove  the  possible  importance- of l a g  in trELnsmission of 
pressure  impulses  as a contr ibut ing  factor  i~ the buzz phenknon,   they 
show t h a t  an osc i l l a t ion  simllar t o  huzz can occur without the existence 
of such  lag. The occurrence of t h i s . o s c i l l a t i a a . e t h   n o - a s s o c i a t e d  com- 
p r e s s i b i l i t y   e f f e c t s  Mica tes  that flow separation may be an important 
fac tor  in  the conditions which produce  cantr0.1-surface  buzz a t   t ransonic  
speeds. 

. .. - . .  

. ." 

t 
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CONCLUSIONS 
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Low-speed tests of a semispan model simulating  the phenomenon of 
control-surface buzz indicate  the  following  conclusions: 

I. Buzz i s  not  caused simply by buffeting  of a f l a p  by separated 
flow.  Instead, it is  an o s c i l l a t i o n  involving coupling between the 
flap motion and the  shock-wave-separation  pattern. 

2. The time lag required  for  the  separated boundary l ayer   to   adapt  
i t s e l f   t o   t h e  changing  boundary  conditions  during a control-surface 
osci l la t ion  appears  t o  be an important  factor Fn producing buzz. 
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Figure 1.- Drawing of model.  (All dircensions ere in Fnches.) 
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Figure 3.-  Record of flap motion a t  zero afrepeed t o  illustrate the small 
amount of m c t i o n  and restoring m o m e n t  exfsting In the f l a p  h u e s .  
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Figure 4.- Variation of' spoiler projection with f lap angle for  two 
configurations tested. 
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Figure 5.- Typical records of flap m o t i o n  i n  flight w i t h  spoilers coupled 
to flap. Zero initial spoiler extension. 

, 
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(a) Flap undtsturbed. 

Figure 6 . -  Recorda of flap motion in flight with spoilers coupled to flap. 
Initial spoiler extenshn of 1.7 percent chord. 
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(b) Flap def l ec ted  periodically. 

Figure 6.- Concluded. 
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Figure 7.- Typical-record of flep mation in flight with f i x e d  spoiler. 
Spoiler-exteneion of 1.7 percent chord. 
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